imbalances of nutrient metabolism or inflammatory responses enhance ROS production and oxidative damage.
The mitochondrial respiratory chain complexes have been conventionally considered as major producers of cellular ROS but there is increasing evidence that the phagocyte-like NADPH oxidase (PHOX) may also contribute significantly to ROS upon activation. This enzyme was initially identified in phagocytes and the non-mitochondrial ROS generation by PHOX was solely thought to be microbicidal (6) . Over the years, PHOX and its isoforms have been identified in other cell-types but their physiological role is still poorly understood. The enzyme catalyzes a single electron transfer to molecular oxygen and thereby produces superoxide. Superoxide usually dismutates spontaneously to hydrogen peroxide. Superoxide and hydrogenperoxide can be further processed to other reactive molecules that are collectively termed as ROS. ROS may assist to fight viral or bacterial invaders or act as a signaling molecule. Under pathological conditions, the activation of NADPH-derived ROS has been implicated in numerous metabolic diseases. Upon activating stimulus, the membrane-bound catalytic core of the enzyme is dissociated from regulatory subunits. Multiple steps are involved to translocate the cytosolic subunits to the catalytic core for the assembly of the holoenzyme.
Pancreatic β-cells express NADPH oxidases (12) , and although there is no physiological function addressed so far, the contribution to cellular dysfunction during oxidative stress has been clearly shown. Elevated glucose, saturated fatty acids or pro-inflammatory cytokines mediate PHOX activation in β-cells and may promote cellular damage (9) . Given these observations, a major step towards the understanding of β-cell dysfunction during oxidative stress is the identification of the molecular events leading to PHOX activation. Eventually, knowledge on the multiple regulatory steps of PHOX activity may allow pharmacological intervention and therapeutically targeting either the activating signals, the regulatory units of PHOX, or further downstream products of the enzyme. Important findings are shown in this study raising new questions but also emphasizing further experimental refinements. Considering the significance of PHOX for intracellular stress, the topology of superoxide production requires further attention: to date, there is no convincing consensus in the field as to whether superoxide is produced towards the extracellular space as originally suggested for phagocytes (6) , or whether it may be generated on the cytosolic side in β-cells (2, 11). These molecular mechanisms may have profound implications to identify the physiological role of PHOX-derived ROS in pancreatic β-cells and downstream mechanisms.
In future experiments activating PHOX, it might be useful to systematically test single compounds of the pro-inflammatory cocktail cytomix, which consists of interleukin-1β (IL-1 β), interferon-γ (IF-γ), and tumor necrosis factor-α (TNF-α), and is broadly used to mimic inflammation. Unfortunately, pathways of caspase 3 activation not involving PHOX are also induced by cytomix. Some preliminary results suggest, however, that Rac1 activation may be solely due to IL-1 β (14).
Interestingly, nitric oxide (NO) is also increased during inflammatory response, independent of PHOX activity and regulators, and apparently without effects on mitochondrial membrane potential. The authors suggest that NO may be involved in apoptosis but future approaches need to inhibit NO and re-evaluate NO-dependent apoptosis, possibly including other crucial apoptotic parameters such as cytochrome C release. To partially understand how ROS and NO may promote apoptosis together, we may consult analogies occurring during inflammatory neurodegeneration (1). In neurons, only the combination of PHOX and iNOS forming peroxynitrite (ONOO -) causes cell death. Therefore, the combined action of PHOX and iNOS may be required to fully activate apoptotic pathways in β-cells.
The questions remain whether in response to PHOX β-cell mitochondria are used as vehicles to signal apoptosis, or whether the loss in mitochondrial membrane potential pivotally affects energy transduction leading to β-cell dysfunction prior to cell death. The importance of these questions derives from the special bioenergetic design of β-cell function: proton motive force (which can be estimated as the mitochondrial membrane potential) has to be increased during glucose-stimulation to secrete insulin (13) . Loss of mitochondrial membrane potential by PHOX activation would compromise insulin secretion, adding further dysfunction at an earlier stage than apoptosis. Nitric oxide (NO) may be involved in activation of caspase 3. In this scheme, it is also suggested that i, the topology of superoxide by PHOX is still controversial, ii, the simultaneous release of reactive oxygen and nitrogen species will generate peroxynitrite (ONOO -) that may potentiate deleterious effects on cellular death, and iii, the loss in mitochondrial membrane potential may directly impair glucose stimulated insulin secretion. Figure 1 
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